Aim and purpose To evaluate the effects of two NSAIDs on corneal sensitivity and ocular surface in Sjö gren's syndrome (SS) patients. Methods In all, 20 SS patients with epithelial corneal defects, were randomly divided into two groups: group 1 (10 females, age 35-63 years), treated with 0.1% indomethacin, one drop three times a day; group 2 (nine females, one male, age 38-65 years) treated with 0.1% diclofenac, at the same regimen. No systemic NSAIDs were allowed. Use of tear substitute was allowed. Corneal sensitivity, corneal staining, BUT, and ocular discomfort, were evaluated before and after 15, 30 days of treatment and 7 days after NSAID discontinuation. For statistical analysis, the Student's t-test and Mann-Whitney U test were used.
Introduction
Sjö gren's syndrome (SS) is an autoimmune disease characterized by lymphocytic infiltration of exocrine glands and mucosae. 1, 2 The ocular surface shows in both conjunctiva and lacrimal glands T-cell infiltration and upregulation of expression in markers of immune activation. 3 Furthermore, it was shown that patients with dry eye in course of autoimmune disorders may present a reduced corneal sensitivity. 4, 5 It was shown that the topical antiinflammatory treatment of dry eye patients brought to a significant reduction of the numbers of activated lymphocytes within the conjunctiva, so demonstrating the potential usefulness of an anti-inflammatory treatment for dry eye. 6 The treatment of ocular surface inflammation can be helpful to improve symptoms of ocular discomfort in patients with SS. Nonsteriodal anti-inflammatory drugs (NSAIDs) could be considered a good alternative to steroids in order to avoid all the complications of steroidal therapy in the treatment of patients with chronic diseases such as SS. Several reports indicate that NSAIDs might have an influence on corneal sensitivity. [7] [8] [9] Such effect might interfere with corneal epithelium healing in patients with epithelial defects. Previous reports showed, sporadically, the possibility of corneal melting and perforation, following the use of NSAIDs after surgery in patients both with or without systemic diseases such as rheumatoid arthritis, SS, and rosacea. [10] [11] [12] [13] The aim of this paper is to evaluate the effects of two commercially available NSAIDs on corneal sensitivity and corneal epithelium in SS patients.
Materials and methods

Patients population
In all, 20 patients (19 female and one male, age range 35-65-years-old) affected by SS (eight primary and 12 secondary), diagnosed according to the classification criteria proposed by the American-European Consensus Group, 14 were randomly divided in two groups and assigned to treatment with instillation of three drops/ day of topical NSAIDs: Group 1, 10 patients (10 females; mean age7SD 53.978.9), treated with 0.1% indomethacin (Indocollirio 
Study design
Controlled, single-blind, parallel, clinical study.
Inclusion criteria
Patients able and willing to participate to the study signed an informed consent. They were selected from patients referring to the Ocular Surface Diseases Section of the Ophthalmology Section of the Department of Surgical specialties of the University of Messina. The patients included in the study had a corneal epithelial defects with a score of at least 2 þ according to Lemp, 15 evaluated with fluorescein vital stain, and a stable disease and general therapy for at least 1 month. They accepted not to use general NSAIDs for all the period of the study. Patients were allowed to continue their therapy with tear substitutes.
Exclusion criteria
Corneal epithelial defects with a score minor than 2 þ according to Lemp; unstable general disease or changes in systemic therapy within one month. Concurrent diseases such as diabetes, ocular herpes (even past), contact lens wear, use of drugs such as beta-blockers, calcium antagonists, benzodiazepines, antidepressants, anti-histaminics, hormones, and any ocular therapy other than tear substitutes.
Main outcome measures
Patients were examined in a masked manner with respect to their treatment. Primary parameter was corneal sensitivity measured by the Cochet-Bonnet aesthesiometer (Luneau Ophtalmologie, Chartres, France) (mm of filament). Secondary parameters were ocular discomfort symptoms (burning, itching, foreign body sensation, dryness, mucous discharge, photophobia) evaluated according to a scoring system from 0 (absent) to 3 (severe): a global score, obtained adding the score of each symptom, was considered for the evaluation of ocular discomfort; BUT (sec); corneal fluorescein vital staining (score 0-15).
The evaluation of parameters was performed before treatment (T0) and after 15 (T15), 30 (T30) days of treatment. A follow-up visit was also performed 7 days after the discontinuation of therapy (T7FU), in both eyes.
Statistical analysis
For statistical analysis only the right eye values were considered. The Student's t-test for parametrical data and Mann-Whitney U test for nonparametrical data were used.
Results
The results are summarized in Tables 1-4. At baseline, corneal sensitivity was 5774.2 in group 1 and 55.579.3 in group 2; corneal fluorescein score was 3.571.8 in group 1 and 3.671.7 in group 2; the symptoms score was 7.573 in group 1 and 6.771.7 in group 2; the BUT was 2.270.9 in group 1 and 2.170.7 in group 2.
After 15 days there was, in both groups, a statistically significant reduction of the symptoms score (4.871 in Topical NSAIDs and Sjö gren's syndrome P Aragona et al group 1 and 5.470.8 in group 2, P ¼ 0.01 and P ¼ 0.004 vs baseline respectively), which remained up to the end of the study. At day 30, a statistically significant reduction of corneal sensitivity was observed in both groups (5276.3 in group 1 and 43.5785 in group 2, P ¼ 0.04 and P ¼ 0.005 vs baseline respectively), although the reduction observed in group 2 was statistically significantly higher than that of group 1 (P ¼ 0.01).
At 7 days after the discontinuation of therapy corneal sensitivity did not show statistically significant variations (Figure 1) .
A statistically significant difference between the two groups was present for corneal fluorescein stain (score 2.571.8 for group 1 and 4.171 for group 2; P ¼ 0.02) (Figure 2 ).
Discussion
This is the first trial aimed to study the effects of topical NSAIDs treatment onto the ocular surface of SS patients. Our findings showed that both treatments with 0.1% indomethacin and 0.1% diclofenac brought to an amelioration of symptoms of ocular discomfort accompanied, after 1 month of treatment by a reduction of corneal sensitivity. Diclofenac determined a statistically significant greater impairment of corneal sensitivity than indomethacin. No intragroup statistically significant deterioration of corneal epithelium was observed in both groups. However, the indomethacintreated group showed a trend towards an improvement of corneal conditions, while in the diclofenac-treated group, the corneal conditions had a trend towards deterioration. Furthermore, at the visit carried out 7 days after the discontinuation of therapy, the diclofenactreated group showed a statistically significantly higher corneal score if compared to the indomethacin-treated group.
Topical NSAIDs are nowadays widely used for the treatment of several ocular conditions, including corneal traumatic and inflammatory diseases.
Previous reports showed that ophthalmic NSAIDs were useful to decrease pain in patients with corneal abrasions who must return to work immediately, particularly where potential opioid-induced sedation was intolerable. 16 Indomethacin combined with gentamycin eyedrops was statistically significantly more effective and well tolerated, than gentamycin alone, in reducing the pain and discomfort associated with traumatic corneal abrasion. 17 It was highlighted the efficacy of indomethacin as a pain reducer for acute corneal diseases and suggested that the medication could act on the corneal nociceptors. 18 Topical indomethacin 0.1% solution was as effective as topical dexamethasone phosphate 0.1% solution for the treatment of inflamed pterygium and pinguecula and, therefore, it was suggested as an effective treatment for these conditions. 19 Topical 0.1% indomethacin solution helped control the pain induced by excimer laser photoablation of the cornea without any detrimental effect to the corneal epithelial wound healing. Indomethacin, diclofenac, and flurbiprofen, as well as the calcium antagonist diltiazem, were able to diminish the responsiveness of corneal polymodal nociceptors to chemical stimuli. This appeared to be caused, in part, by a direct effect of these drugs on the excitability of polymodal nerve endings, but also by an inhibitory action of NSAIDs on the formation of cyclooxygenase products such as prostaglandins, thus reducing the enhanced responsiveness of nociceptors caused by local release of arachidonic acid metabolites from injured cells. 21, 22 Despite their many advantages, NSAIDs seem to delay early corneal wound healing and re-epithelialization. 23 Furthermore, although infrequent, the use of NSAIDs may predispose patients with conditions such as autoimmune disease, rosacea, or dry eyes, to ocular surface alterations. Among these, the most commonly reported adverse effects are symptoms of stinging and irritation. Superficial punctate keratitis is another wellknown side effect. Corneal infiltrates and melting were also reported with NSAID use.
10,12,24,25 A higher incidence of persistent epithelial defects associated with diclofenac use after penetrating keratoplasty was reported. 26 Corneal sensitivity was shown to be of great importance for maintaining a healthy corneal epithelium. 27 In fact, in various types of corneal diseases such as herpetic keratitis, corneal sensitivity is reduced and this often is associated with epithelial defects in those anaesthetized corneas. 28, 29 It was observed that NSAIDs may have an effect on corneal sensitivity. A significant decrease of corneal sensation in normal eyes was observed when multiple drops of 0.1% diclofenac were used. [7] [8] [9] 30 In conclusion, our results indicate that NSAIDs can be useful in resolving symptoms of ocular discomfort in SS syndrome patients. However, they should be used with caution and under close monitoring, and the treatment should be promptly discontinued if corneal epithelial defects develop or worsen during treatment.
